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Dietary intake of phytochemicals having antioxidant activity is associated with a lower risk of mortality from many diseases.
Therefore, the aim of this study was to determine the free radical scavenging, cytotoxic and hemolytic activities of leaves of Acacia
nilotica by using various methods. The results of the present study revealed that ethanol extract was the most eﬀective and IC50
value was found to be 53.6μgmL −1 for Vero cell lines and 28.9μgmL −1 for Hela cell lines in cytotoxicity assays. The zone of color
retention was 14.2mm in β-carotene bleaching assay, which was as signiﬁcant as positive control, butylated hydroxy toluene. None
ofthetestedextracts possessedany hemolyticactivity againstratandhumanerythrocytes revealing theircytotoxic mechanismand
non-toxicity. Thus, only the ethanol extract could be considered as a potential source of anticancer and antioxidant compounds.
Further phytochemical studies will be performed for speciﬁcation of the biologically active principles.
1.Introduction
Cancer is a leading cause of death in many developed and
developing countries. Although the etiology of the cancer
are many, free radicals play a major role for the pathophysi-
ological processes. These free radicals have been shown to be
carcinogenic and exert their eﬀects by various mechanisms
such as causing DNA damage, altering cell-signaling path-
ways and modulating gene expression [1].
The free radicals are the byproducts of aerobic
metabolism and are produced by endogenous sources such
as mitochondrial leak, respiratory burst, enzyme reactions
and auto-oxidant reactions and environmental sources such
ascigarettesmoke,pollutants,ultravioletlight,ionizingradi-
ation and xenobiotics [2]. Although they play an important
role in many of the physiological functions like defense,
inﬂammation, signal transduction, cell-cell adhesion, cell
proliferation transcription and apoptosis [3], their accumu-
lation leads to pathophysiological conditions such as neuro
degenerative disorders, cardiovascular diseases, diabetes and
cancer [4–6].
The body has eﬀective antioxidant defense systems that
protect it from pathophysiological conditions caused by
oxidative damage. The protection of the organism against
oxidative stress lies not only on endogenous antioxidants but
also on exogenous compounds taken in food.
Therefore, dietary supplementation is necessary that
could help strengthen the antioxidant system of the body
by inhibiting free radical generation and preventing chronic
diseases [7, 8]. There are evidences suggesting that some
edible plants as a whole or their identiﬁed ingredients with
antioxidant properties have substantial protective eﬀects on
human carcinogenesis [9, 10]. Many of the plant species are
already investigated in the search for novel antioxidants with
potent pharmacological activities. Yet, there remains much
demand to investigate more information about pharmaco-
logical potential of plant species.
Screeningofmedicinalplantsforbiologicallyactivecom-
pounds has become a vital source of cancer-related drugs.
Mostoftheanticancerdrugscurrentlyusedinchemotherapy
are cytotoxic to normal cells, leading to unwanted side
eﬀects. Therapeutically eﬀective doses of many anticancer
drugs such as anthracyclines induce oxidative stress in
normal tissues like heart and brain [11]. Therefore, a search
for compounds that can reduce the harmful side eﬀects of
anticancer drugs in normal tissues is necessary [12].2 Evidence-Based Complementary and Alternative Medicine
Complementary and alternative medicine is one of the
emerging ﬁelds in health care today, especially as sup-
portive medicine in treating diseases like cancer [13, 14].
Some modern drugs have been deduced from folklore and
traditional medicines [15, 16]. Therefore, the safe tradi-
tional medicinal plants are investigated to obtain potential
chemotherapeutic drugs [17]. Plant-derived natural prod-
ucts such as ﬂavonoids, terpenes, alkaloids, alpha-tocopherol
and carotenoids have received considerable attention in
recent years due to their diverse pharmacological properties,
including cytotoxic and chemo preventive eﬀects [18, 19].
Therefore, in the present study, Acacia nilotica, belonging
to the family Mimosaceae has been selected. The plant A.
nilotica is a tree 5–20m high with a dense spheric crown,
stems and branches usually dark or black colored, ﬁssured
bark, grey-pinkish slash, exuding a reddish low quality gum.
Leaves are found to be rich in rutin and Apigenin-6,8-bis-
C-β-d-glucopyranoside [20]. It has been used by traditional
healers of diﬀerent regions of Chhattisgarh mainly in the
treatment of various types of cancer like mouth, bone and
skin. In West Africa, the bark or gum is used for cancers and
tumors of ear, eye or testicles. Several studies have reported
that extracts from Acacia species, rich in phenolics have
strong antioxidant activity [21–23]. Phenolic compounds
exert their protective eﬀects by acting as blocking agents
or suppressing agents in the prevention of formation of
carcinogens from precursor substances [24].
In a previous study, we showed that the ethanol extract
(EA) prepared from leaves of A. nilotica had potent antiox-
idant activity and was signiﬁcant in comparison with all
the positive controls used in our study such as quercetin,
tocopherol, ascorbic acid and catechin in DPPH assay.
We also reported that phenolic compounds present in EA
were responsible for the antioxidant activity of the plant.
Additionally, we demonstrated the possible antioxidant
mechanism of the EA [25].
In continuation of the above study, further phytochem-
ical analysis of the plant for phytosterol and lipid contents
were carried out. Since phenolic compounds are responsible
for the antioxidant activity, the phenolic contents were also
analyzed by using HPTLC. Further investigation of other
pharmacological activities such as cytotoxic and hemolytic
activities of these extracts was done ﬁrst time because A.
nilotica is used traditionally to treat various types of cancer.
This study reveals the in vitro antioxidant activity using beta-
carotene bleaching and total antioxidant assays. It also estab-
lishes the cytotoxic activity of the plant on Hela (cancer)cells
and on Vero (normal) cells by MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole] assay.
The hemolytic activity of the extracts was also performed to
rule out the possible cytotoxic mechanism and to check the
safety of the phytocompound thus making it suitable for the
preparation of natural drugs.
2. Methods
2.1. Plant Material. T h el e a v e so fA. nilotica were collected
from VIT University vicinity, Vellore during the month of
August 2007. It was identiﬁed by Dr. G. V. S. Murthy and
a voucher specimen number 1035 was deposited at Botanical
Survey of India, Southern Regional Centre, TNAU campus,
Coimbatore.
2.2. Preparation of Extracts. Air-dried A. nilotica leaves
were packed into a soxhlet apparatus and were extracted
sequentially with petroleum ether (PE), benzene (BZ),
dichloromethane (DCM), chloroform (CF), Ethanol (EA)
and water (AQ). The organic extracts were dried over
vacuum desiccator and the solvent was removed in vacuum
(40
◦C). The extracts were dissolved in dimethyl sulfoxide
(DMSO), EA or double distilled water prior to analysis,
depending upon solubility. The extracts were subjected to
further analysis and all the assays were done in triplicates.
2.3. Phytochemical Analysis
2.3.1. Qualitative Analysis. The extracts were tested to deter-
mine the presence of various phytochemicals like phytos-
terols, lipids, phenolic compounds, ﬂavonoids and saponins
[26].
2.3.2. Quantitative Determination. The extractswere quanti-
tatively determined for phytosterols and lipids [27, 28].
2.3.3. HPTLC Analysis of Phenolic Compounds. An amount
of 50mg of the given sample extract was dissolved in ethanol
and made up to 1mL with ethanol. The solution was
centrifuged and the supernatant liquid was collected. This
solution was used as test solutions. For HPTLC analysis,
2.5μL of each test solution were loaded as 8mm band length
in the 5 × 10 Silica gel 60F254 TLC plate using Hamilton
syringe and CAMAG LINOMAT 5 instrument.
The plate loaded with samples was kept in TLC twin
trough developing chamber (after saturation with solvent
vapor) with mobile phase (ethyl acetate:toluene:formic
acid:methanol—2.3:3.5:1.2:0.8) and the plate was devel-
oped in the mobile phase up to 90mm. The developed plate
was dried by hot air to evaporate solvents from the plate. The
plate was kept in Photo-documentation chamber (CAMAG
REPROSTAR 3) and the images captured at White light, UV
254nm.Finally,theplatewasﬁxedinscannerstageandscan-
ning was done at 254nm. The peak densitogram was noted.
2.4. Antioxidant Assays
2.4.1. Total Antioxidant Activity. The total antioxidant activ-
ity (TAA) was measured by modiﬁed method of Prieto et
al. [29]. The reaction mixture of 3mL (containing 0.6M
sulfuric acid, 28mM sodium phosphate and 1% ammonium
molybdate) was added to the diﬀerent concentrations of
extracts(10,50,100,250and500μg)andk eptinawaterbath
at 95
◦C for 60min. Absorbance was recorded at 695nm.
2.4.2. β-Carotene Bleaching Assay. This was done by modi-
ﬁcation of established methods [30]. Linoleic acid solution
(10mL of 2mgmL−1 solution in EA) and β-carotene solu-
tion (10mL, 2mgmL−1 solution in acetone) were added to
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mixture was then shaken to give an orange color. The agar
was then poured into Petri dishes (25mL per dish, diameter
9cm) and was kept in dark and left standing to allow the
agar to set. Holes (4-mm diameter) were then punched into
the agar, extract (1mg) each in DMSO were transferred into
the holes, and the Petri dishes were then incubated at 45
◦C
for 4h. A zone of color retention around the hole after
incubation indicated sample with antioxidant activities. The
zone diameter was also measured.
2.5. Cytotoxic Activity
2.5.1. Cell Culture. Vero cell lines and Hela cell lines were
obtained from ATCC and maintained in RPMI 1640 (Gibco,
India) medium, supplemented with 10% FBS (v/v) and
100mgl−1 streptomycin and 100IUmL−1 penicillin (Hime-
dia, India) at 37
◦Ci naC O 2 incubator with 5% CO2.
2.5.2. Preparation of Stock Solution. The extracts were used
to prepare stock using solvent (1mgmL−1). The appropriate
concentration of the extract was made by serial dilution with
the medium.
2.5.3. MTT Cell Proliferation Assay. The cytotoxic activity
of the extracts (0–100μgmL −1) on Vero and Hela cells (1
× 105 cells/well) were checked as described by modiﬁcation
of a method by Mosmann [31], using the CellQuanti-MTT
cell viability assay kit (Bioassay Systems). The optical density
w a sm e a s u r e da t5 7 0 n mf o re a c hw e l lo na na b s o r b a n c e
plate reader. The wells with only culture medium or treated
with 0.1% of DMSO served as control. The average of the
blank controls were determined and subtracted from the
absorbance values. The graph was plotted with cell viability
against various concentrations of the extracts. The mean
and the IC50 value were calculated by non-linear regression
analysis using the data analysis software (Prism).
2.5.4. In Vitro Hemolytic Assay. Hemolytic eﬀect of diﬀerent
extracts on human and rat erythrocytes was evaluated by
using washed erythrocytes (RBCs). For the preparation of
human and rat erythrocytes, the method of Malagoli [32]
was followed. Blood samples from Charles foster strain rats
were collected (each weighing 130–180g) in citrated tubes.
The cells were then washed three times with 20mM Tris-HCl
containing144mMNaCl(pH7.4)anda2%erythrocytesus-
pension was prepared. Human erythrocytes were obtained
fromtheperipheralblood(Opositive)ofahealthyvolunteer.
The blood was used within 24h after bleeding and washed
three times in nine volumes of sterile 0.85% NaCl saline
solution. After each washing, cells were centrifuged 150g for
5minandthesupernatantwasdiscarded.Theﬁnalpelletwas
diluted 1:9 (v/v) in sterile 0.85% NaCl saline solution and
then in 1:24 (v/v) sterile Dulbecco’s phosphate buﬀer saline
(D-PBS), pH 7.0 containing 0.5mM boric acid and 1mM
calcium chloride.
The hemolytic activity of the crude extract was tested
[32]u n d e rin vitro conditions in 96-well plates. Each well
received 100μL of 0.85% NaCl solution containing 10mM
CaCl2. The ﬁrst well served as negative control containing
Table 1: Phytochemical analysis of A. nilotica.
Test PE BZ DCM CF EA AQ
Phytosterols + + ++ + −−
Fixed oils and fats + + + + + −
Phenolic compounds + + + ++ +++ +
Flavonoids + + + ++ +++ +
Saponins −− − − ++
−: not detected; +: detected (low); ++: detected (medium); +++: detected
(high).
only solvent. In the second well, 100μLo fe x t r a c t so fv a r i o u s
concentrations (5–500μgmL −1) were added. The last well
served as positive control containing 20μLo f0 . 1 %T r i t o nX -
100 in 0.85% saline. Each well then received 100μLo fa2 %
suspension of rat and human erythrocytes in 0.85% saline
containing 10mM CaCl2. After 30-min incubation at room
temperature, cells were centrifuged and the supernatant was
used to measure the absorbance of the liberated hemoglobin
at 540nm. The average value was calculated from triplicate
assays.
2.6. Statistical Analysis. All experiments were repeated in
triplicate. Results were reported as Mean ± SE. The statistical
signiﬁcance between antioxidant activity and cytotoxicity
values of the extracts was evaluated with one-way ANOVA
followed by Holm-Sidak test. P-values less than .05 were
considered statistically signiﬁcant. The IC50 values were
calculated by non-linear regression analysis using the data
analysis software (Prism).
3. Results
3.1.PhytochemicalAnalysis. Theresultsofthephytochemical
studies showed that all the tested extracts contain ﬂavonoids
and phenols, but higher amounts were found in the EA
(Table 1). In our previous study, we quantitatively deter-
mined the phenolics and ﬂavonoids by using spectrophoto-
metric methods and our results revealed that the ethanolic
extract had higher phenolics (536.02 ± 10.9 gallic acid
equivalents per gram extract) and total ﬂavonoids (36.60 ±
1.18 quercetin equivalents per gram extract). We also found
out that there was a close correlation between total phenolics
and antioxidant activity.
Therefore, in the present study, we made an approach to
ﬁnd out the HPTLC pattern of phenolic compounds. The
preliminary HPTLC analysis of EA shows the presence of
four minor and ﬁve major compounds (Figures 1(a) and
1(b)).
The yield, sterol and lipid contents of various extracts
were determined (Table 2). This revealed that sterol content
was more concentrated in DCM (142.87 ± 0.68mgg−1
extract) and the lipid content in BZ (607.5 ± 3.82mgg−1
extract).
3.2. TAA. The assay is based on the reduction of Mo (VI)
to Mo (V) by various extracts and subsequent formation
of a green phosphate/Mo (V) complex at acidic pH [29].4 Evidence-Based Complementary and Alternative Medicine
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Figure 1: HPTLC chromatogram of EA extracts obtained from
leaves of A. nilotica showing phenolic compounds. (a) TLC of
phenolic compounds after exposure to 254nm. (b) Densitogram of
phenolic compounds showing four minor and ﬁve major peaks.
Table 2: Yield, phytosterol and lipid contents of various extracts
from A. nilotica.
Extract Yield (mgg−1)P h y t o s t e r o l ( m g g −1) Lipid (mgg−1)
PE 54.38 22.84 ± 0.28(d) 417.83 ± 1.48(b)
BZ 17.05 64.78 ± 0.62(b) 607.5 ± 3.82(a)
DCM 3 142.87 ± 0.68(a) 404.53 ± 2.37(c)
CF 3.6 50.94 ± 1.09(c) 305.9 ± 3.05(d)
EA 261.75 — 3.89 ± 0.07(e)
AQ 101.5 — —
Means within each column with diﬀerent superscript letters (a)–(e) diﬀer
signiﬁcantly (P<. 05).
The TAA was measured for the diﬀerent extracts and for
the positive control, catechin. The high absorbance values
indicated that the sample possessed signiﬁcant antioxidant
activity. According to the results (Figure 2), the EA had
signiﬁcant antioxidant activities and the eﬀects increased
with increasing concentration. The order of TAA of various
extracts could be seen as EA > CF > DCM > AQ > BZ >
PE. There were signiﬁcant diﬀerences among the extracts
(P<. 05).
3.3. β-Carotene Bleaching Assay. The antioxidant activity of
the A. nilotica extracts were measured by the bleaching of
β-carotene (Table 3). The positive control butylated hydroxy
toluene (BHT), and all the extracts were able to inhibit the
discoloration of β-carotene but the BHT and EA extract
were signiﬁcant compared to other extracts. The order was
BHT > EA > AQ > CF > DCM > BZ > PE. The zone of
color retention was 14.2mm, which was close to the value
of positive control BHT (15.1mm).
3.4. MTT Assay. Hela cells and Vero cells were grown in
96-well assay plates and their proliferation was measured
for 1 day. The assay was repeated in triplicates to ascertain
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Figure 2: TAA of diﬀerent extracts obtained from leaves of A.
nilotica.
whether the administration of various extracts were capable
of inhibiting cellular proliferation.
The results of these experiments demonstrated that
both cells were inhibited in a dose-dependent manner by
various extracts, although their eﬀects were diﬀerent from
one another. IC50 value of various extracts on both cells
also exhibited distinctive patterns (Table 4). The order of
cytotoxicity was EA > BZ > CF > DCM > PE > AQ for both
Vero cell lines and Hela cell lines but the concentration of all
the extracts required to kill the normal cells was greater than
that was required for the cancer cells. The EA was the most
eﬀective, with the IC50 values found to be 53.6μgmL −1 for
Vero cell lines and 28.9μgmL −1 for Hela cell lines.
3.5. Hemolytic Activity. In vitro hemolytic activity on rat and
human erythrocytes of various extracts obtained from leaves
of A. nilotica was performed (Table 5). The total hemolysis
was obtained using 20μL of Triton X-100 (0.1%) and 1h
incubation. The IC50 and 95% conﬁdence interval (95% CI)
were obtained by non-linear regression analyses. IC50 values
lower than 200μgmL −1 was considered active. None of the
test extracts possessed any hemolytic activity against rat or
human erythrocytes.
4. Discussion
Molecular oxygen plays a central role in the pathogenesis of
various diseases. Overproduction of reactive oxygen species
results in oxidative stress thereby causing cytotoxicity and
cancer [12]. Cancer chemoprevention by using antioxidant
approaches oﬀers a key strategy for inhibiting, delaying
or even reversal of the process of carcinogenesis. There
are evidences suggesting that phenolic compounds having
antioxidant activity are associated with a lower risk of mor-
tality from many diseases like diabetes, acute hypertension,
cardiovascular diseases including cancer. On the basis of
this information, one of the best approaches in the search
for antitumor agents from plant resources is the selectionEvidence-Based Complementary and Alternative Medicine 5
Table 3: β-carotene bleaching assay of diﬀerent extracts from leaves of A. nilotica.
Zone of color retention of β-carotene (mm)
PE BZ DCM CF EA AQ Standard BHT
6.1 ± 0.4(g) 7.7 ± 0.3(f) 9.5 ± 0.7(e) 10.3 ± 0.1(d) 14.2 ± 0.6(b) 12.3 ± 0.2(c) 15.1 ± 0.2(a)
M e a n sb e t w e e nc o l u m n sw i t hd i ﬀerent superscript letters (a)–(g) diﬀer signiﬁcantly (P<. 05).
Table 4: Cytotoxic activity of various extracts obtained from leaves
of A. nilotica on Vero and Hela cell lines.
Extracts IC50 (μgmL −1)
Vero Hela
PE 79.0(e) 48.5(e)
BZ 65.4(b) 34.1(b)
DCM 78.2(d) 43.7(d)
CF 70.5(c) 40.9(c)
EA 53.6(a) 28.9(a)
AQ >100(f) >100(f)
Means within each column with diﬀerent superscript letters (a)–(f) diﬀer
signiﬁcantly (P<. 05).
Table 5: In vitro hemolytic activity of various extracts obtained
from leaves of A. nilotica on mouse and human erythrocytes.
Extracts Mouse-IC50
(μgmL −1)
Human-IC50
(μgmL −1)
PE >500 >500
BZ >500 >500
DCM 366 >500
CF >500 >500
EA 478 >500
AQ >500 >500
of plants based on ethno medical leads, and subsequently
testing the selected plant’s eﬃcacy and safety through
modern scientiﬁc methods. The study of the traditional
indigenous medical practices in Amazonia and Southern
Brazil has successfully introduced the ethno medicinal use of
Bidens pilosa Linn´ e (Asteraceae) to treat certain tumors [19].
Therefore, determination of antioxidant, cytotoxic and
hemolytic activities of A. nilotica, which is traditionally
used in cancer treatment, may identify phenolic compounds
important in neutralizing free radicals and thereby reducing
cell damage. There are other studies demonstrating various
parts of the A. nilotica may exhibit antioxidant activities, but
the cytotoxic and hemolytic eﬀect of leaves of A. nilotica
has not previously been examined. Therefore, the value of
this study is the determination of antioxidant, as well as
cytotoxic and hemolytic, eﬀects of these speciﬁc extracts.
Hemolytic assays were performed because compounds pos-
sessing potent antioxidant and anticancer activity may not
be useful in pharmacological preparations if they possess
hemolyticeﬀect.Inaddition,thesedataalsomayrevealsome
information about the mechanism of cytotoxicity.
Phenolic compounds from many of the plants are signif-
icant protective factors against cancer. There is strong evi-
dence for the positive correlation between cancer and dietary
intake of polyphenolic compounds. Previous reports about
Acacia species demonstrate that they are rich in polyphenolic
compounds [23]. It was also reported that plant was found
to be rich in gallic acid, methyl gallate and catechin. Plant-
derivednaturalproductssuchasphenolsandﬂavonoidshave
received considerable attention in recent years due to their
diverse pharmacological properties, including cytotoxic and
cancer chemo preventive eﬀects [18, 19].
HPTLC is an invaluable quality assessment tool for
the evaluation of phytocompounds. It allows the eﬃcient
analysis of a large number of compounds. The preliminary
HPTLC analysis of EA shows the presence of large number of
phenolic compounds. Further analysis is in progress for the
isolation and identiﬁcation of these compounds.
TAA assay is based on the reduction of Mo (VI) to Mo
(V) by various extracts and subsequent formation of a green
phosphate/Mo(V)complexatacidicpH[29].Itrevealedthat
alltheextractsinthisstudyshowedanincreasingantioxidant
capacity with increase in concentration. However, the EA
was as potent as the positive control, catechin. This could be
due to the presence of phenolic compounds. Studies on the
fruit extracts of citron and blood orange also revealed that
phenolics are responsible for antioxidant activity [18]. This
activitymaybeduetotheirreducingabilitytherebydonating
its proton or electron to free radicals and terminating the
chain reaction [33].
In the β-carotene bleaching assay, the biologically rele-
vant oxidizable substrate β-carotene gives direct information
on the protective eﬀect of the extract [34]. Oxidation
of linoleic acid produces hydrogen peroxide—derived free
radicals which bleach the yellow color of β-carotene. The
antioxidant activity (AA) was measured based on the ability
of the samples to prevent the bleaching of the β-carotene.
T h ep r e s e n c eo fd i ﬀerent antioxidants can hinder the extent
of β-carotene-bleaching by neutralizing the linoleate-free
radical and other free radicals formed in the system [35].
Accordingly, the zone of discoloration increased rapidly in
samples without antioxidant whereas, in the presence of an
antioxidant, they retained their color, and thus the diameter
of the zone of color retention is greater. The result of this test
corresponds to their free radical scavenging activity, which
maybeduetothepresenceofhigherphenolics.Thesamewas
also reported in Leucopaxillus giganteus which also indicated
the presence of higher content of phenolics with better
antioxidant properties [36]. A relationship between the TAA
and β-carotene-bleaching extent was found, suggesting that
the mechanisms of action of the extracts for the antioxidant6 Evidence-Based Complementary and Alternative Medicine
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Figure 3: Antioxidant and anticancer potential of EA extract obtained from leaves of A. nilotica in diﬀerent assays. Ethanol extract
rich in phenolic compounds exhibit free radical scavenging activity, which was conﬁrmed in total antioxidant activity (1) (Reduction of
Molybdenum VI thereby conﬁrming electron or hydrogen donating ability), and in β-carotene bleaching assay (2) (Zone of color retention
indicating their free radical scavenging ability). These two activities are responsible for prevention of ROS. Ethanol extract exhibit antitumor
activity, which was conﬁrmed in MTT assay (3) (less cell viability indicating their cytotoxic eﬀect) and hemolytic activity (4) (no lysis
indicating that cytotoxic eﬀects is not due to lytic property of the membrane).
activity may be similar, related to the content of total
phenolics.
Most of the anticancer drugs currently used in chemo-
therapy are cytotoxic to normal cells, leading to unwanted
side eﬀects. Therapeutically eﬀective doses of many anti-
cancer drugs produce oxidative stress in normal tissues like
heart and brain [11]. Therefore, a search for compounds,
which can reduce the harmful side eﬀects of anticancer drugs
innormaltissues,isnecessary[12].Theintegrationofcancer
andnormalcellsintothestudydesignarethereforenecessary
for the detection of cytotoxic compounds.
Cytotoxic activity revealed that all extracts of the plant
leaves exhibited the inhibitory eﬀect on both cells but IC50
values were higher for normal cells than tumor cells. Each
extract of A. nilotica behaved distinctly in each cell line. The
distinct eﬀects of these extracts may be due either to the
phytodiversity or diverse mechanisms associated with each
of the phytocompounds [37]. According to the criteria of
the National Cancer Institute, a crude extract having an IC50
limit lower than 30μgmL −1 can be considered for further
puriﬁcation of anticancer compounds [38]. Thus, only the
E Ac o u l db ec o n s i d e r e da sp o t e n t i a ls o u r c e so fa n t i c a n c e r
compounds. The potent cytotoxic activity of the EA could
be due to the presence of phenolic compounds.
Phenolic compounds exert their protective eﬀects
throughdiversemechanisms.Theycanactasblockingagents
or suppressing agents thereby preventing the formation of
carcinogensfromprecursorsubstancesoractivateasignaling
cascade that activates detoxifying enzymes involved in the
elimination of chemical carcinogens or induce apoptosis
and cell-cycle arrest [24]. Therefore, it is necessary to ﬁnd
out the possible mechanism of anticancer activity. In the
presentstudy, we attempted torule outthe possible cytotoxic
mechanism by using hemolytic assay. Despite the results
obtained from MTT assays, none of the tested extracts
possessed any hemolytic activity against rat and human
erythrocytes. These data suggested the non-toxic eﬀect of the
extract thus making it suitable for the preparation of drugs
involved in the treatment of various diseases. In addition, it
revealed that the cytotoxic activity was not related to lytic
properties or membrane instability induced by the extracts
[38]. Further studies are under progress to ﬁnd out the exact
mechanism of its anticancer activity.
Finally, this study revealed that EA presented more
potent activity than other extracts in these assays (Figure 3).
Thus, only the EA could be considered as potential sources
of anticancer and antioxidant compounds. Furthermore,
phytochemical studies will be done for speciﬁcation of the
biologically active phenolic compounds. Since, A. nilotica is
a commonly available plant; it may represent a potential,
economical therapeutic agent for cancer, and as a natural
preservative, due to the antioxidant and anticancer activities.
Acknowledgments
The authors are thankful to VIT University management for
providing infrastructure, constant support and encourage-
ments.
References
[1] M. A. Soobrattee, T. Bahorun, and O. I. Aruoma, “Chemo-
preventive actions of polyphenolic compounds in cancer,”
BioFactors, vol. 27, no. 1–4, pp. 19–35, 2006.
[2] I.YoungandJ.Woodside,“Antioxidantsinhealthanddisease,”
British Medical Journal, vol. 54, p. 176, 2001.
[ 3 ]S .M a n d a l ,B .H a z r a ,R .S a r k a r ,S .B i s w a s ,a n dN .M a n d a l ,
“Assessment of the antioxidant and reactive oxygen species
scavenging activity of methanolic extract of Caesalpinia
crista leaf,” Evidence-Based Complementary and Alternative
Medicine.
[4] Y.Lee,J.Yang,M.Bae,W.Yoo,S.Ye,andC.Xue,“Anti-oxidant
and anti-hypercholesterolemic activities of Wasabia japonica,”Evidence-Based Complementary and Alternative Medicine 7
Evidence-Based Complementary and Alternative Medicine, vol.
7, no. 4, pp. 459–464, 2010.
[5] H. Drobiova, M. Thomson, K. Al-Qattan, R. Peltonen-
Shalaby, Z. Al-Amin, and M. Ali, “Garlic increases antioxidant
levels in diabetic and hypertensive rats determined by a
modiﬁedperoxidasemethod,”Evidence-BasedComplementary
and Alternative Medicine.
[6] J. Zhao, T. Liu, L. Ma, M. Yan, Z. Gu, and Y. Huang,
“Antioxidant and preventive eﬀects of extract from Nymphaea
candida ﬂower on in vitro immunological liver injury of rat
primary hepatocyte cultures,” Evidence-Based Complementary
and Alternative Medicine.
[7] P. Chaturvedi, “Inhibitory response of Raphanus sativus on
lipid peroxidation in albino rats,” Evidence-BasedComplemen-
tary and Alternative Medicine, vol. 5, no. 1, pp. 55–59, 2008.
[8] P. S. Haddad, G. A. Azar, S. Groom, and M. Boivin, “Natural
healthproducts,modulationofimmunefunctionandpreven-
tion of chronic diseases,” Evidence-Based Complementary and
Alternative Medicine, vol. 2, no. 4, pp. 513–520, 2005.
[9] H. Tsao, M. B. Atkins, and A. J. Sober, “Management of
Cutaneous melanoma,” New England Journal of Medicine, vol.
351, no. 10, pp. 998–1042, 2004.
[10] A. D. Kinghorn, B.-N. Su, S. J. Dae et al., “Natural inhibitors
of carcinogenesis,” Planta Medica, vol. 70, no. 8, pp. 691–705,
2004.
[ 1 1 ] Y .C h e n ,P .J u n g s u w a d e e ,M .V o r e ,D .A .B u t t e r ﬁ e l d ,a n dD .K .
St. Clair, “Collateral damage in cancer chemotherapy: oxida-
tive stress in nontargeted tissues,” Molecular Interventions, vol.
7, no. 3, pp. 147–156, 2007.
[12] H.-X. Sun and X.-Y. Peng, “Protective eﬀect of triter-
penoid fractions from the rhizomes of Astilbe chinensis on
cyclophosphamide-induced toxicity in tumor-bearing mice,”
Journal of Ethnopharmacology, vol. 119, no. 2, pp. 312–317,
2008.
[13] N. Bhattacharjee, S. Pathak, and A. Khuda-Bukhsh, “Ame-
lioration of carcinogen-induced toxicity in mice by admin-
istration of a potentized homeopathic drug, Natrum Sul-
phuricum 200,” Evidence-Based Complementary and Alterna-
tive Medicine, vol. 6, pp. 65–75, 2009.
[14] D. DeSylvia, M. Stuber, C. Fung, S. Bazargan-Hejazi, and E.
Cooper, “The knowledge, attitudes and usage of complemen-
tary and alternative medicine of medical students,” Evidence-
Based Complementary and Alternative Medicine.
[15] R. Mothana, S. Abdo, S. Hasson, F. Althawab, S. Alaghbari,
and U. Lindequist, “Antimicrobial, antioxidant and cytotoxic
activitiesandphytochemicalscreeningofsomeyemenimedic-
inal plants,” Evidence-Based Complementary and Alternative
Medicine.
[16] A. Al-Zubairi, A. Abdul, S. Wahab, C. Peng, S. Mohan, and M.
Elhassan, “Eleucine indica possesses antioxidant, antibacterial
and cytotoxic properties,” Evidence-Based Complementary and
Alternative Medicine.
[17] I. Bouhlel, H. Mansour, I. Limem, M. Sghaier, A. Mahmoud,
and J. Chibani, “Screening of antimutagenicity via antioxidant
activity in diﬀerent extracts from the leaves of Acacia salicina
from the center of Tunisia,” Environmental Toxicology and
Pharmacology, vol. 23, pp. 56–63, 2007.
[18] G. Jayaprakasha and B. Patil, “In vitro evaluation of the
antioxidant activities in fruit extracts from citron and blood
orange,” Food Chemistry, vol. 101, pp. 410–418, 2007.
[19] M. R. Kviecinski, K. B. Felipe, T. Schoenfelder et al., “Study
of the antitumor potential of Bidens pilosa (Asteraceae) used
in Brazilian folk medicine,” Journal of Ethnopharmacology, vol.
117, no. 1, pp. 69–75, 2008.
[20] D. S. Seigler, “Phytochemistry of Acacia sensu lato,” Biochemi-
cal Systematics and Ecology, vol. 31, no. 8, pp. 845–873, 2003.
[21] R. Singh, S. Singh, S. Kumar, and S. Arora, “Hydroxyl radical
scavenging potential of acetone extract/fractions of Acacia
nilotica (L.) Willd. Ex Del,” International Journal of Bioscience
Reporter, vol. 2, pp. 440–446, 2004.
[22] S. Arora, E. Brits, S. Kaur et al., “Evaluation of genotoxicity of
medicinal plant extracts by the comet and VITOTOX tests,”
Journal of Environmental Pathology, Toxicology and Oncology,
vol. 24, no. 3, pp. 193–200, 2005.
[ 2 3 ]K .K a u r ,H .M i c h a e l ,S .A r o r a ,P .H ¨ ark¨ onen, and S. Kumar,
“In vitro bioactivity-guidedfractionationandcharacterization
of polyphenolic inhibitory fractions from Acacia nilotica (L.)
Willd. ex Del,” Journal of Ethnopharmacology, vol. 99, no. 3,
pp. 353–360, 2005.
[24] C. Manach, A. Scalbert, C. Morand, C. R´ em´ esy, and L.
Jim´ enez, “Polyphenols: food sources and bioavailability,”
American Journal of Clinical Nutrition, vol. 79, no. 5, pp. 727–
747, 2004.
[25] T. Kalaivani and L. Mathew, “Free radical scavenging activity
from leaves of Acacia nilotica (L.) Wild. ex Delile, an Indian
medicinal tree,” Food and Chemical Toxicology, vol. 48, pp.
298–305, 2010.
[26] J.HarborneandA.Harborne,PhytochemicalMethods:AGuide
to Modern Techniques of Plant Analysis,K l u w e rA c a d e m i c
Publishers, London, UK, 1998.
[27] S. Sabir, I. Hayat, and S. Gardezi, “Estimation of sterols in
edible fats and oils,” Pakistan Journal of Nutrition, vol. 2, pp.
178–181, 2003.
[28] J. Folch, M. Lees, and G. Stanley, “A simple method for the
isolation and puriﬁcation of total lipides from animal tissues,”
The Journal of Biological Chemistry, vol. 226, pp. 497–509,
1957.
[29] P. Prieto, M. Pineda, and M. Aguilar, “Spectrophotometric
quantitation of antioxidant capacity through the formation of
a phosphomolybdenum complex: speciﬁc application to the
determination of vitamin E,” Analytical Biochemistry, vol. 269,
pp. 337–341, 1999.
[ 3 0 ]E .H .G r a v e n ,S .G .D e a n ,K .P .S v o b o d a ,S .M a v i ,a n dM .
G. Gundidza, “Antimicrobial and antioxidative properties of
the volatile (essential) oil of Artemisia afra Jacq,” Flavour and
Fragrance Journal, vol. 7, no. 3, pp. 121–123, 1992.
[31] T. Mosmann, “Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays,” Journal of Immunological Methods,v o l .6 5 ,n o .1 - 2 ,p p .
55–63, 1983.
[32] D. Malagoli, “A full-length protocol to test hemolytic activity
of palytoxin on human erythrocytes D,” Information Systems
Journal, vol. 4, pp. 92–94, 2007.
[33] T. Kalaivani and L. Mathew, “Phytochemistry and free radical
scavenging activities of Oroxylum indicum,” International
Journal of Environmental Science and Technology, vol. 4, pp.
45–52, 2009.
[ 3 4 ]I .I .K o l e v a ,T .A .V a nB e e k ,J .P .H .L i n s s e n ,A .D eG r o o t ,a n d
L. N. Evstatieva, “Screening of plant extracts for antioxidant
activity: a comparative study on three testing methods,”
Phytochemical Analysis, vol. 13, no. 1, pp. 8–17, 2002.
[35] G. K. Jayaprakasha, R. P. Singh, and K. K. Sakariah,
“Antioxidant activity of grape seed (Vitis vinifera)e x t r a c t so n
peroxidation models in vitro,” Food Chemistry, vol. 73, no. 3,
pp. 285–290, 2001.
[36] L. Barros, M. Ferreira, B. Queir´ os, I. Ferreira, and P. Baptista,
“Total phenols, ascorbic acid, -carotene and lycopene in8 Evidence-Based Complementary and Alternative Medicine
Portuguese wild edible mushrooms and their antioxidant
activities,” Food Chemistry, vol. 103, pp. 413–419, 2007.
[37] K. Chatelain, S. Phippen, J. McCabe, C. Teeters, S. O’Malley,
and K. Kingsley, “Cranberry and grape seed extracts inhibit
theproliferativephenotypeoforalsquamouscellcarcinomas,”
Evidence-Based Complementary and Alternative Medicine.
[38] L. V. Costa-Lotufo, M. T. H. Khan, A. Ather et al., “Studies
of the anticancer potential of plants used in Bangladeshi folk
medicine,” Journal of Ethnopharmacology, vol. 99, no. 1, pp.
21–30, 2005.